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Abstract 
One of the most important and limiting factors in assisted reproductive technologies (ART) is repeated 

implantation failure (RIF). In the process of embryo implantation, appropriate function of the progesterone hormone 
through its receptors is critical for establishment of a receptive endometrium. FKBP51 and FKBP52 are two co-
chaperones of progesterone receptors that participate in the progesterone signaling pathway and endometrial 
receptivity. These 51 and 52 KD proteins increase and decrease the affinity of progesterone hormone receptors to 
their ligand, respectively. The endometrial tissue of RIF patients might have different patterns of FKBP51 and 
FKBP52 gene expression. These molecules can easily be detected and quantified by quantitative reverse 
transcriptase polymerase chain reaction (qRT-PCR) and immunohistochemical (IHC) studies. Assessment of these 
molecules could be a valuable method for evaluation of endometrial receptivity and prediction of the implantation 
and pregnancy outcome before beginning a treatment cycle for RIF patients in ART procedures.   
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1. Introduction 
Today’s assisted reproductive technologies (ART), 

such as IUI, IVF and ICSI, are widely used for 
treatment of infertile couples worldwide and many 
children have been born through ART. However, 
despite many improvements in these technologies the 
success rate is limited to around 25-30% (1). In many 
IVF cycles, despite selection and transferring good 
quality embryo, implantation does not occur, so many 
of infertile couples experience repeated implantation  
failure, the most important limiting factor in ART (2). 
In the process of implantation, uterine receptivity, 
which limited to time between days 19-24 in a normal 
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menstrual cycle and called “window of implantation,” 
is a critical factor.  

Progesterone has a key role in preparing the 
endometrium for accepting the embryo. So any 
factors contributing to the progesterone hormone’s 
signaling pathway determined relevant to endometrial 
receptivity, and inappropriate changes in these 
factors, lead to implantation deficiency (3-6).  

We provide evidence that altered expression of 
some special co-chaperones, contributed in 
progesterone hormone receptors, causes progesterone 
resistance and some gynaecological problems in both 
human and animal models. 

 
2. Hypothesis 

Having been shown in some studies, the genetic 
profile and gene expression of endometrial tissue in 
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RIF women is different from that of normal women 
with history of pregnancy and live births, so 
determining possible biomarkers of a receptive 
endometrial tissue has special importance to further 
improving implantation rates in ART. We 
hypothesise that evaluation of the gene expression of 
two immunophilins, FKBP51 and FKBP52, as 
progesterone receptor co-chaperones and related to 
progesterone hormone signaling can be used as 
candidate biomarkers of endometrial receptivity, 
endometrial response to progesterone and also 
predicting embryo implantation and pregnancy 
outcome in ART. We can measure these two factors 
prior to introducing patients to expensive and 
complicated ART procedures. 
 
Evaluation of the hypothesis 

In order to evaluate this hypothesis, we provide 
some evidence based on the studies conducted thus 
far: 
(1) The function of the progesterone hormone is 
crucial for establishment of a receptive endometrium 
and embryo implantation. 
(2) FKBP51 and FKBP52 participate in the cellular 
response of endometrial tissue to progesterone. 
(3) Altered expression of FKBP51 and FKBP52 
genes leads to some gynecological conditions. 
 
3. FKBP51 and FKBP52 

FK506 binding proteins (FKbps) are members of 
the peptidyl prolyl cis/trans isomerases (PPIase) 
superfamily found in all organisms from 
archaebacteria to primates and participate in the 
protein folding process and specially signal 
transduction (7-9). PPIase molecules catalyse 
cis/trans isomerisation of the imide peptidyl-prolyl 
bonds.10 To date families of PPIase have been divided 
into cyclophilins, FKBPs and parvulins (11, 12). 
Cyclophilins and FKBPs are called immunophilins 
due to their ability to bind to immunosuppressive 
drugs, cyclosporin A and FK506 or rapamycin, 
respectively, by their PPIase domain and mediating 
the action of these drugs (13). 
    Some members of the FKBP and Cyp families 
contain a tetratricopeptide repeat (TPR) domain that 
binds to the C-terminal end of heat shock protein 90 
(Hsp90), a key protein in steroid hormones complex 
that interacts directly with the hormone-binding 
domain of the receptor (14, 15).  
    Steroid receptors are soluble proteins trafficking 
between cytoplasm and nucleus. In the absence of 
hormone, steroid receptors are in a complex with 
some other molecules such as HSP90 and are kept 
inactivated. After binding of receptor to steroid 

hormone, receptor dissociates from complex and 
enter the nucleus, dimers and act as transcription 
factor (12). 
    FKBP51 and FKBP52, 51 and 52 kDa FK506-
binding proteins, are two immunophilins 
characterized as Hsp90-binding co-chaperones with 
conserved TPR domain, which were first identified in 
complex with steroid hormone receptors (16). Since 
discovery of these two immunophilins about 20 years 
ago, their function in regulation of signaling 
pathways of steroid hormone receptors and 
endocrine-related physiological processes have been 
widely studied (16). FKBP51 has the alternate names 
FKBP54 and p54, and FKBP52 carries alternate 
names FKBP59, HBI, p50 and HSP56 (16-18). 
Although these HSP90 co-chaperones have 70% 
similarity in their structures, functionally they are 
different (19-20). They have a common binding site 
on Hsp90 and compete for binding to steroid 
hormone receptors so that the high expression of 
FKBP51 gene attenuates the function of receptor by 
FKBP52 (21). 
    Studies showed that FKBP52 is a positive regulator 
for glucocorticoid, progesterone and androgen 
receptors while FKBP51 is a negative regulator of 
steroid receptors (21-25). In the progesterone 
hormone signaling pathway, FKBP52 elevates the 
hormone binding affinity of progesterone receptor 
while FKBP51 decreases this affinity and attenuates 
the response of target cell to progesterone hormone 
(21-26). 
    Nowadays these two co-chaperones are considered 
the therapeutic targets for various kinds of endocrine-
related diseases, such as prostate and breast cancer, 
metabolic diseases and neurological disorders. Male 
and female contraceptive drugs are among the 
scientific and industrial researches being conducted 
on these two immunophilins (27-31).  
 
4. Role of FKBP51 and FKBP52 in male and 
female reproductive systems 
    Male knockout mice for FKBP52 have androgen 
insensitivity and display some phenotypes such as 
dysgenesis of prostate and seminal vesicle, 
ambiguous external genitalia and hypospadias (24, 
32-34). Lower number of epididymal sperm and also 
lower number of sperm with normal morphology and 
motility and even azoospermic phenotype are seen in 
male mice with FKBP52 deficiency (35, 36). Altered 
expression of these two immunophilins as co-
chaperones of the androgen receptor has been seen in 
 prostate hyperplasia and cancer (27, 37-42). 
    Higher level of FKBP51 gene expression in 
decidual cells of pregnant women facilitates their 
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labor process by reducing sensitivity of these cells to 
progesterone, indicating its contribution to 
progesterone signaling pathway and response of 
target tissues to progesteroneIn (43). Deficiency of 
FKBP52 expression is related to clinical 
manifestation of endometriosis in humans, mice and 
baboons, ovarian anomaly, lack of breast 
development, attenuated ovulation, decidualisation 
disorders, pregnancy failure, and decrease in 
transcription of steroidogenic enzymes, all caused by 
progesterone resistance (44-48). In addition, knockout 
of the FKBP52 gene in female mice leads to aberrant 
embryo implantation as the result of progesterone 
insensitivity of endometrial tissue and 
downregulation of genes regulated by progesterone 
14, 49). Studies showed that expression of FKBP52 
gene in endometrial tissue of women with 
unexplained infertility is decreased (44). Also it has 
been suggested that assessment of FKBP52 gene and 
protein expression is positively related to ultrasonic 
evaluation of endometrial receptivity and his 
immunophilin may have an important role in 
improving the receptivity of endometrium (50). 
 
5. Discussion 

The biggest problem in ART is repeated 
implantation failure as the result of low embryo 
quality or a nonreceptive endometrium. Prediction of 
the endometrial receptivity and its response to 
progesterone hormone helps us manage RIF patients 
more appropriately. In this hypothesis, we provided 
evidence that altered expression of FKBP51 and 
FKBP52 in endometrial tissue is related to 
progesterone insensitivity.  

According to this hypothesis upregulation of 
FKBP51 and downregulation of FKBP52 in 
endometrial tissue result in progesterone resistance, 
insufficient response of this tissue to progesterone 
hormone, attenuated endometrial receptivity, 
implantation failure and, finally, infertility. This 
hypothesis can be evaluated by measuring the levels 
of FKBP51 and FKBP52 gene and protein expression 
using qRT-PCR and IHC techniques respectively, in 
endometrial tissue of RIF versus normal women in 
mid-secretory phase of menstrual cycle named 
“window of implantation”. 

Therefore, this hypothesis introduces FKBP51 and 
FKBP52 as new biomarkers for evaluation of 
endometrial receptivity and prediction of patient 
response to ART procedures and also ART outcome. 

For prediction of endometrial response and ART 
outcome using these biomarkers, endometrial biopsy 
should be done in mid-secretory phase of menstrual 

cycle prior to beginning ART procedures for these 
patients. 

  
References 
1. Laufer N, Simon A. Recurrent implantation failure: 

current update and clinical approach to an ongoing 
challenge. Fertil Steril. 2012; 97(5): 1019-1020. 

2. Ly KD, Aziz N, Safi J, Agarwal A. Evidence-
Based Management of Infertile Implantation 
Failure Following IVF Couples with Repeated. 
Curr WOM Health Rev. 2010; 6: 200-218. 

3. Salih NF, Jaafar MS. Alpha deposit into blood: A 
new method to evaluate infertility of women by 
measuring the level of LH, FSH and HCG. J 
Infertil Reprod Biol. 2013; 1(2): 21-25. 

4. Martín J, Domínguez F, Avila S, et al. Human 
endometrial receptivity: gene regulation. J Reprod 
Immunol. 2002; 55(1): 131-139. 

5. Large MJ, DeMayo FJ. The regulation of embryo 
implantation and endometrial decidualization by 
progesterone receptor signaling. Mol Cell 
Endocrinol. 2012; 358(2): 155-165. 

6. Yousefian E, Ghaffari Novin M, Kardi M, et al. 
Levels of  mRNAs for Membrane Beta and 
Gamma Progesterone Receptor in the Fallopian 
tubes of Women with Ectopic Pregnancy Acta 
Endocrinol (Buc). 2014; 10(2): 195-202. 

7. Pratt WB, Krishna P, Olsen LJ. Hsp90-binding 
immunophilins in plants: the protein movers. 
Trends Plant Sci. 2001; 6(2): 54-58. 

8. Schiene-Fischer C, Yu C. Receptor accessory 
folding helper enzymes: the functional role of 
peptidyl prolyl cis/trans isomerases. FEBS letters. 
2001; 495(1): 1-6. 

9. Göthel S, Marahiel M. Peptidyl-prolyl cis-trans 
isomerases, a superfamily of ubiquitous folding 
catalysts. Cell Mol Life Sci. CMLS. 1999; 55(3): 
423-436. 

10. Fischer G, Tradler T, Zarnt T. The mode of action 
of peptidyl prolyl cis/trans isomerases in vivo: 
binding vs. catalysis. FEBS letters. 1998; 426(1): 
17-20. 

11. Galat A. Sequence diversification of the 
FK506‐binding proteins in several different 
genomes. Eur J Biochem. 2000; 267(16): 4945-
4959. 

12. Breiman A, Camus I. The involvement of 
mammalian and plant FK506-binding proteins 
(FKBPs) in development. Transgenic Res. 2002; 
11(4): 321-335. 

13. Fanghänel J, Fischer G. Insights into the catalytic 
mechanism of peptidyl prolyl cis/trans isomerases. 
Front Biosci. 2004; 9: 3453-3478. 



Journal of Infertility and Reproductive Biology, 2014, Volume 2, Issue 3, Pages: 77-81 

 

80 

 

14. Tranguch S. FKBP52-Progesterone Receptor 
Signaling During Pregnancy. Vanderbilt 
University; 2007. 

15. Young JC, Hartl FU. Polypeptide release by 
Hsp90 involves ATP hydrolysis and is enhanced 
by the co-chaperone p23. EMBO J. 2000; 19(21): 
5930-5940. 

16. Smith D, Faber L, Toft D. Purification of unacti- 
    vated progesterone receptor and identification of 

novel receptor-associated proteins. J Biol Chem. 
1990; 265(7): 3996-4003. 

17. Galigniana MD, Radanyi C, Renoir J-M, Housley 
PR, Pratt WB. Evidence that the peptidylprolyl 
isomerase domain of the hsp90-binding 
immunophilin FKBP52 is involved in both dynein 
interaction and glucocorticoid receptor movement 
to the nucleus. J Biol Chem. 2001; 276(18): 
14884-14889. 

18. Tai PKK, Maeda Y, Nakao K, et al. A 59-
kilodalton protein associated with progestin, 
estrogen, androgen, and glucocorticoid receptors. 
Biochem. 1986; 25(18): 5269-5275. 

19. Pirkl F, Buchner J. Functional analysis of the 
hsp90-associated human peptidyl prolyl  
Cis/Transisomerases FKBP51, FKBP52 and 
cyp40. J Mol Biol. 2001; 308(4): 795-806. 

20. Cheung-Flynn J, Place SP, Cox MB, et al. FKBP 
co-chaperones in steroid receptor complexes. Cell 
stress proteins. Springer; 2007: 281-312. 

21. Riggs DL, Roberts PJ, Chirillo SC, et al. The 
Hsp90-binding peptidylprolyl isomerase FKBP52 
potentiates glucocorticoid signaling in vivo. 
EMBO J. 2003; 22(5): 1158-1167. 

22. Riggs DL, Cox MB, Tardif HL, et al. 
Noncatalytic role of the FKBP52 peptidyl-prolyl 
isomerase domain in the regulation of steroid 
hormone signaling. Mol Cell Biol. 2007; 27(24): 
8658-8669. 

23. Tranguch S, Cheung-Flynn J, Daikoku T, et al. 
Cochaperone immunophilin FKBP52 is critical to 
uterine receptivity for embryo implantation. Proc 
Nal Acad Sci USA. 2005; 102(40): 14326-14331. 

24. Cheung-Flynn J, Prapapanich V, Cox MB, et al. 
Physiological role for the cochaperone FKBP52 in 
androgen receptor signaling. Mol Endocrinol. 
2005; 19(6): 1654-1666. 

25. Blatch GL. Networking of Chaperones by Co-
chaperones; Springer: 2007. 

26. Alaee S, Ghaffari Novin M, Noroozian M, et al. 
Evaluation of Progesterone Receptor, FKBP51 and 
FKBP52, Associated with Uterine Receptivity in 
Endometrial Tissue of Women with Repeated 
Implantation Failure. Acta Endocrinol (Buc). 
2014; 10(3): 329-339. 

27. De Leon JT, Iwai A, Feau C, et al. Targeting the 
regulation of androgen receptor signaling by the 
heat shock protein 90 cochaperone FKBP52 in 
prostate cancer cells. Proc Natl Sci USA. 2011; 
108(29): 11878-11883. 

28. Ni L, Yang C-S, Gioeli D, et al. FKBP51 
promotes assembly of the Hsp90 chaperone 
complex and regulates androgen receptor signaling 
in prostate cancer cells. Mol Cell Biol. 2010; 
30(5): 1243-1253. 

29. Supriyanto I, Sasada T, Fukutake M, et al. 
Association of FKBP5 gene haplotypes with 
completed suicide in the Japanese population. Prog 
Neuro-Psychoph. 2011; 35(1): 252-256. 

30. Sivils JC, Storer CL, Galigniana MD, Cox MB. 
Regulation of steroid hormone receptor function 
by the 52-kDa FK506-binding protein (FKBP52). 
Curr Opin Pharmacol. 2011; 11(4): 314-319. 

31. Storer CL, Dickey CA, Galigniana MD. FKBP51 
and FKBP52 in signaling and disease. Trends  
Endocrin Met. 2011; 22(12): 481-490. 

32. Chen H, Yong W, Hinds TD, et al. Fkbp52 
regulates androgen receptor transactivation activity 
and male urethra morphogenesis. J Biol Chem. 
2010; 285(36): 27776-27784. 

33. Beleza-Meireles A, Barbaro M, Wedell A, et al. 
Studies of a co-chaperone of the androgen 
receptor, FKBP52, as candidate for hypospadias. 
Reprod Biol Endocrinol. 2007; 5(8). 

34. Yong W, Yang Z, Periyasamy S, et al. Essential 
role for Co-chaperone Fkbp52 but not Fkbp51 in 
androgen receptor-mediated signaling and 
physiology. J Biol Chem. 2007; 282(7): 5026-
5036. 

35. Sunnotel O, Hiripi L, Lagan K, et al. Alterations 
in the steroid hormone receptor co-chaperone 
FKBPL are associated with male infertility: a case-
control study. Reprod Biol Endocrinol. 2010; 8(8): 
22. 

36. Hong J, Kim ST, Tranguch S, et al. Deficiency of 
co-chaperone immunophilin FKBP52 
compromises sperm fertilizing capacity. Reprod. 
2007; 133(2): 395-403. 

37. Lin Jf, Xu J, Tian Hy, et al. Identification of 
candidate prostate cancer biomarkers in prostate 
needle biopsy specimens using proteomic analysis. 
Int J Cancer. 2007; 121(12): 2596-2605. 

38. Ni L, Yang C-S, Gioeli D, et al. FKBP51 
promotes assembly of the Hsp90 chaperone 
complex and regulates androgen receptor signaling 
in prostate cancer cells. Mol Cell Biol. 2010; 

    30(5): 1243-1253. 
39. Periyasamy S, Hinds T, Shemshedini L,et al. 

FKBP51 and Cyp40 are positive regulators of 



Journal of Infertility and Reproductive Biology, 2014, Volume 2, Issue 3, Pages: 77-81 

 

81 

 

androgen-dependent prostate cancer cell growth 
and the targets of FK506 and cyclosporin A. 
Oncogene. 2009;29(11):1691-1701. 

40. Stechschulte LA, Sanchez ER. FKBP51- a 
selective modulator of glucocorticoid and 
androgen sensitivity. Curr Opin Pharmacol. 2011; 
11(4): 332-337. 

41. Periyasamy S, Warrier M, Tillekeratne MP, et al.  
    The immunophilin ligands cyclosporin A and 

FK506 suppress prostate cancer cell growth by 
androgen receptor-dependent and-independent 
mechanisms. Endocrinology. 2007; 148(10): 4716-
4726. 

42. O'Malley KJ, Dhir R, Nelson JB, et al. The 
expression of androgen‐responsive genes is 
Up‐Regulated in the epithelia of benign prostatic 
hyperplasia. Prostate. 2009; 69(16): 1716-1723. 

43. Schatz F, Ocak N, Guzel E, et al. Enhanced 
Decidual Cell Expressed FKBP51 during Human 
Labor May Promote Functional Progesterone 
Withdrawal. Reprod Sci. 2011; 18(3): 298A-298A. 

44. Niraj Joshi YA, Steven Young, Bruce Lessey, 
Asgerally Fazleabas. The expression of the 
immunophilin FK506 binding protein52 (FKBP52) 
and the integrin αvβ3 is positively correlated with 
pregnancy in women with unexplained infertility 

    and endometriosis. Reprod Sci. 2011; 18(3): 384A. 
45. Hirota Y, Tranguch S, Daikoku T, et al.     

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Deficiency of immunophilin FKBP52 promotes 
endometriosis. Am J Path. 2008; 173(6): 1747-
1757. 

46. Jackson KS, Brudney A, Hastings JM, et al. The  
    altered distribution of the steroid hormone 

receptors and the chaperone immunophilin 
FKBP52 in a baboon model of endometriosis is 
associated with progesterone resistance during the 
window of uterine receptivity. Reprod Sci. 2007; 
14(2): 137-150. 

47. Konno T, Graham AR, Rempel LA, et al. 
Subfertility linked to combined luteal insufficiency 
and uterine progesterone resistance. 
Endocrinology. 2010; 151(9): 4537-4550. 

48. Yang Z, Wolf IM, Chen H, et al. FK506-binding 
protein 52 is essential to uterine reproductive 
physiology controlled by the progesterone receptor 
A isoform. Mol Endocrinol. 2006; 20(11): 2682-
2694. 

49. Tranguch S, Wang H, Daikoku T, et al. FKBP52 
deficiency–conferred uterine progesterone 
resistance is genetic background and pregnancy 
stage specific. J Clin Invest. 2007; 117(7): 1824-
1834. 

50. Wang N, Geng L, Zhang S, et al. Expression of 
PRB, FKBP52 and HB-EGF Relating with 
Ultrasonic Evaluation of Endometrial Receptivity. 
PloS One. 2012; 7(3): e34010. 

 
 


